obtained that plasma DOC is converted to DOC-SO4 in liver, but little of the DOC-SO4 formed in liver escapes into blood; rather the DOC-SO4 enters bile and in the intestine is converted, in part, to progesterone (or metabolites thereof) by the action of bacterial enzymes. The estimated intrahepatic fractional conversion of DOC to DOC-SO4 was significantly greater in premenopausal women (0.72±0.118, mean±SEM) than in men (0.28±0.036, P < 0.005).
INTRODUCTION
It now is known that plasma progesterone is converted to deoxycorticosterone (DOC)' in extraadrenal tissues (1, 2) ; indeed, this is the principal mechanism by which this mineralocorticosteroid is produced in women during the midluteal phase of the ovarian cycle (2, 3) and the mechanism that constitutes a major source of DOC during pregnancy (1) . Interestingly, one tissue site of extraadrenal DOC formation may be the kidney because steroid 21-hydroxylase activity has been demonstrated in human adult (4) and fetal (5) kidney tissues. The levels of DOC in plasma of pregnant women (6) (7) (8) (9) (10) (11) (12) (13) and in umbilical cord plasma of newborns (6, 10, (13) (14) (15) are extraordinarily high compared with those in men and nonpregnant women; but in addition, the levels of DOC-SO4 in plasma of pregnant women and in umbilical cord plasma (13) (14) (15) (16) are considerably greater than those of DOC.
Our study was undertaken to investigate the origin of DOC-SO4 and to evaluate the metabolism of DOC and DOC-SO4 in women and men. We sought primarily to ascertain whether DOC and DOC-SO4 are interconverted, and if so, to determine the extent of such interconversion.
METHODS
Preparation and purification of radiolabeled steroids.
[1a,2a(n)-3H]DOC (44 Ci/mmol) was purchased from Amer- sham Corp. (Arlington Heights, IL) and [4-'4C ]DOC (58.5 mCi/mmol) was purchased from New England Nuclear (Boston, MA). Radiolabeled DOC was purified by liquidliquid partition chromatography on celite with the solvent system isooctane/tert-butanol/methanol/water (10:4:3:3, by vol). Nonradiolabeled DOC was purchased from Steraloids (Wilton, NH).
[3H]DOC-SO4 and nonradiolabeled were synthesized from purified [3H]DOC and nonradiolabeled DOC by the method of Sobel et al. (17) . DOC-SO4 was purified by liquid-liquid partition chromatography on celite with the solvent system isooctane/tert-butanol/water/ammonium hydroxide (20: 
RESULTS
Establishment of radiochemical homogeneity of urinary metabolites. The 3H/14C ratios of the metabolites from the urine of subject 4 after each purification step are given in Table II . Generally the 3H/ 14C ratios of the urinary metabolites remained similar after the third chromatographic procedure.
Metabolism of intravenously infused [31HDOC-SO4
and [14C]DOC. In the men and women of this study there was little conversion of intravenously infused [14C]DOC to plasma DOC-SO4 as evidenced by the very high 3H/14C ratio of urinary DOC-SO4 compared with that of the injected tracers (Table III) . Moreover, the fractional conversion of intravenously infused (3:7) e The Arabic numbers of the chromatography systems correspond to those of Fig. 1 .
[3H]DOC-SO4 to [3H]DOC also was small as evidenced by the very low 3H/'4C ratio of urinary tetrahydro-DOC (glucuronoside). In fact even the apparent small conversion of DOC-SO4 to DOC may have been artifactual (except in subjects 3, 7, and 14) because of the possibility of spontaneous hydrolysis of small amounts of the [3H]DOC-SO4 tracer before its infusion.
In all of the subjects of this study, except subject 14, urinary 3a-hydroxy-5,-pregnan-20-one (pregnanolone) and 5f#-pregnane-3a,20a-diol (pregnanediol) glucuronosides were radiolabeled with both tritium and carbon 14. Indeed, the 3H/'4C ratios of pregnanolone and pregnanediol isolated from the urine of some of the women of this study were similar to those of the Fig. 1 and Table I . For example, in each instance TLC-III is the thin-layer chromatography of the steroid after acetylation. § In some instances in which the 3H/'4C ratio was <0.5 or >1,000, purification was not continued beyond chromatography, derivative formation, and chromatography of the steroid acetate. infused tracers. On the other hand, the 3H/'4C ratios of pregnanolone and pregnanediol from urine of the men of this study were considerably greater than that of the infused tracers. The identity of urinary pregnanolone and pregnanediol of subject 4 was rigorously established by a second method, viz., reverse isotope dilution. After column chromatography, TLC, derivative formation, and TLC of the steroid acetates, the radiolabeled steroids were diluted with nonradiolabeled pregnanolone acetate or pregnanediol diacetate. The computed specific activities of the mixtures, the determined specific activities of the mixtures, and those of successive mother liquors and crystals after repeated crystallizations were almost identical. The 3H/14C ratios of urinary tetrahydro-DOC(SO4)
were quite variable from subject to subject. For all subjects the 3H/14C ratio of urinary tetrahydro-DOC(SO4) is greater than that of tetrahydro-DOC (glucuronoside) and less than that of DOC(SO4), as presented in Table III .
DISCUSSION
The 3H/14C ratio of urinary DOC-SO4 in all subjects was strikingly higher than that of the injected tracers, In most of the premenopausal women of this study the 3H/'4C ratios of urinary pregnanolone and pregnanediol were similar to or not much greater than that of the injected tracers. On the other hand, the 3H/'4C ratios of urinary pregnanolone and pregnanediol in the men were considerably greater than that of the injected tracers. For DOC-SO4 to be converted to progesterone and thence to pregnanolone and pregnanediol, hydrolysis of the sulfate ester and dehydroxylation of the 21-hydroxyl group must take place. We interpret these findings as follows. Large amounts of DOC-SO4, but not DOC, enter the bile. After reaching the intestine, bacterial enzymes act on DOC-SO4 to effect hydrolysis and 21-dehydroxylation to yield progesterone. Progesterone is metabolized and reabsorbed, metabolized, and excreted in urine as metabolites of progesterone, viz., pregnanolone and pregnanediol glucuronosides. It is known that steroid 21-dehydroxylase activity is present in intestinal bacteria of the human but not in mammalian tissues (19, 20) . In further support of this conclusion was the finding that large quantities of radiolabeled metabolites of progesterone were found in the urine of each person studied except subject 14. She was the only subject of this study who was ingesting an antibiotic. We conclude that the oral ingestion of this antibiotic led to a reduction in intestinal bacteria and in this manner the hydrolysis and dehydroxylation of DOC-SO4 by bacterial enzymes was prevented.
As stated, it was found that after the intravenous infusion of [3H]DOC-SO4 and ['4C]DOC, the 3H/14C ratios of urinary pregnanolone and pregnanediol of many of the women were similar to that of the injected tracers. We interpret this to mean that most of the ['4C]DOC in these women was sulfurylated in the liver, excreted in bile as ['4C]DOG-SO4 and thence converted to progesterone in the intestine. This finding, together with the finding that there was little carbon-14 in urinary DOG-SO4, is indicative that little of the DOG-SO4 formed in liver from [14C]DOC escaped the liver into peripheral blood and that the [3H]DOC-SO4 and [14C]DOC that reached the liver suffered a similar metabolic fate. Similarly, the finding that the 3H/14C ratios of urinary pregnanolone and pregnanediol in men were considerably greater than that of the injected tracers also is indicative that it is DOG-SO4 and not DOC that enters bile before being metabolized further. However, more importantly, it has been demonstrated that after the intravenous infusion of radiolabeled DOC, there is no detectable unconjugated DOC in bile (21) and unlike other C-21 hydroxylated compounds, a considerable quantity of radiolabeled conjugated metabolites of DOC do appear in bile (21) . It also is known from studies conducted in experimental animals that there is considerably greater C-21 hydroxysteroid sulfotransferase activity in the liver of females than in males (22) (23) (24) (25) .
The preferential excretion of DOC-SO4 into bile may be the consequence of the positioning of the sulfate moiety at carbon 21 . The C-21-sulfate bears some analogy to the sulfurylated side chain of the bile acids. Recently, we have found (unpublished observations) that the metabolic clearance rate of plasma DOC-SO4 is quite high (650-1,000 liters/24 h) compared with that of other steroid sulfates; e.g., the metabolic clearance rate of plasma dehydroisoandrosterone sulfate (26) and cholesteryl sulfate (27) in men and nonpregnant women is only 10 liters/24 h and those of estrone sulfate (28, 29) , pregnenolone sulfate (30) , and testosterone sulfate (31) are of the order of 150 liters/24 h. This may be due to preferential entry into bile of steroid-21-sulfates compared to steroid-3d-sulfates or steroid-17f3-sulfates or else due to bacterial metabolism of DOC-SO4 in a manner that precludes reabsorption of DOC-SO4 and thus constitutes irreversible metabolism (i.e., conversion to progesterone and metabolites thereof). It has been shown that the rate of entry of dehydroisoandrosterone sulfate into bile is slow (32) .
Therefore we suggest that progesterone is formed from DOC-SO4 that enters bile and that little DOC enters bile except after conversion to the sulfate. This being the case, the 3H/'4C ratio of urinary pregnanolone or pregnanediol after the infusion of [ Table  III ) the [p]DOC-DOC-SO4/BL was 0.89; in the woman who was 4 yr beyond menopause (subject 8) it was 0.42; and in the woman who was 7 yr postmenopausal (subject 9) it was 0.22.
We suggest that the difference in the metabolism of DOC between men and women is due to induction of C-21 hydroxysteroid sulfotransferase activity in women or else inhibition of such activity in men, or both. In experimental animals it has been shown that estrogen treatment causes increased steroid sulfotransferase acti'vity in liver whereas androgen treatment causes the reverse (33) .
In some regards the metabolism of DOC and DOC-SO4 in the human is similar to that of corticosterone and corticosterone-sulfate. Namely, there is little or no interconversion of these compounds (34) . On the other hand, there is one major difference in the metabolism of DOC-SO4 and corticosterone sulfate; namely, large amounts of corticosterone sulfate and metabolites thereof are rapidly excreted in urine (34). This was not true of DOC-SO4; namely, very little of DOC-SO4 or metabolites thereof (other than those formed by intestinal bacterial enzymes) enter urine.
The origin and metabolism of DOC and DOC-SO4 in pregnant women and their fetuses is of considerable interest and of potential significance in pregnancy physiology and pathophysiology. The levels of DOC and DOC-SO4 in maternal and fetal blood are high compared with the levels of these compounds in men and nonpregnant women (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . Moreover, it is known that most of the DOC in the maternal and fetal compartments does not arise by maternal or fetal adrenal secretion because (a) DOC levels in near-term pregnant women do not fall during dexamethasone treatment (6, 8, 9, 11) ; (b) DOC levels in near-term pregnant women do not rise during ACTH treatment (8, 9, 11) ; (c) plasma progesterone is converted to DOC in extraadrenal tissues (1, 2); and (d) the levels of DOC and DOC-SO4 in umbilical cord plasma of a newborn with adrenal aplasia were similar to those of normal newborns (16 (35) . It also is known that steroid 21-hydroxylase activity was high in the kidney of a pregnant woman (4) . We (36) and others (37) have demonstrated that C-21 hydroxysteroid sulfotransferase activity is present in kidney of the human fetus. However, this enzyme activity could not be demonstrated in kidney of nonpregnant adults (38) . The activity of this enzyme has not been measured in kidney tissue of pregnant women.
It has been a curiosity that estrogen is produced in such large amounts in normal pregnant women. However, it has been shown that certain estrogen-mediated responses are subject to further stimulation in the face of very high circulating levels of 17,B-estradiol. For example, in women pregnant with a dead fetus but with relatively high plasma levels of 17#-estradiol, viz., 25 ng/ml, extraadrenal steroid 21-hydroxylase activity was stimulated further during diethylstilbestrol treatment (35) . Therefore it is conceivable that estrogen in large amounts is required to effect optimal responses of certain estrogen responsive systems, e.g., extrahepatic C-21 hydroxysteroid sulfotransferase activity in tissue sites of conversion of circulating progesterone to DOC.
We speculate that failure of sulfurylation of DOC formed in the kidney of women in their first pregnancy may be instrumental in the pathogenesis of pregnancyinduced hypertension. If in the first pregnancy C-21 hydroxysteroid sulfotransferase activity in the kidney were not induced to optimal levels, the intracellular concentration of DOC formed in kidney may be elevated. DOC formed from plasma progesterone could act in situ, i.e., in kidney to effect the salt retention characteristic of preeclampsia. Interestingly, in primigravid women who were treated with diethylstibestrol the incidence of preeclampsia was reduced strikingly (39) .
